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ILLUMINATING DEVICE FOR TREATING EYE DISEASE 
Field of the Invention 

Th,s invention relates generally to a light therapy device for activation of 
photoreactive agents at one or more treatment sites within a patient's eye, and 
more specifically, to photodvnamic therapy (PDT) devices adapted to use a non- 
coherent light source to activate photoreactive agents for treating macular 
degeneration and other ocular diseases. 

Background of the Invention 
Macular degeneration is an eye disease that it is the leading cause of 
blindness for those aged 55 and older in the United States, affecting more than 10 
million Americans. The macula is located at the center of the retina, and ,s 
responsible for the fine detailed vision required for reading, driving a car, and 
recogmzing objects and colors. While peripheral vision is not affected, the loss of 
visual acuity has a significant impact on the quality of life of the person afflicted. 

Two types of macular degeneration are known. The "dry" type represents 
85% to 90% of the cases of macular degeneration and is most closely associated 
with the aging process. The "dry" type of macular degeneration is characterized 
by the th.nn.ng and drying out of the macula, and the formation of small yellow 
deposits, known as drusen, under the macula. The amount of retinal th.nn.ng 
caused by the drusen directly affects the loss of central visual acuity. 

While the "dry" type of macular degeneration is significantly more 
common than the second type of macular degeneration, the "wet" type can be 
more devastating The "wet" type of degeneration progresses extremely rap.dly 
whereas the "drv" tvpe progresses much more gradually. The "wet" type of 
macular degeneration is characterized by the formation of abnormal blood vessels 
(known as subrenal neovascularization), which grow under the reuna and 
macula Leakage of blood and other fluids from these abnormal vessels cause the 
macula to bulge or lift up. thus distorting or destroying central v.sion. Scar tissue 
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frequently forms, resulting in a permanent loss of v.s.on. Such permanent vision 
loss can occur in a matter of weeks or months. 

While the "wet" type of macular degeneration is less common than the 
"dry" type, it is significant to note that the "wet" type accounts for 90% of all 
cases of legal blindness. 

If this disease is detected sufficiently early, immediate laser surgery can 
reduce the severity of vision loss assoc.ated with the "wet" type of macular 
degeneration. In surgically treating the problem, a laser is focused on the 
abnormal blood vessels and used to destroy them, thus sealing the tissue to 
prevent blood leakage into the eye and to prevent any additional damage to the 
macula. Already damaged macular tissue cannot be repaired, and the success of 
such laser treatments depends on destroying the abnormal vascular before 
excessive damage to the macular tissue has occurred. 

However laser surgery can also lead to the. scarring of the macula, and 
additional vision loss. The abnormal blood vessels are often difficult to precisely 
target without causing damage to adjacent normal tissue. Various techniques are 
being investigated to enable more precise targeting of the abnormal blood vessels, 
and thereby, to reduce collateral damage to healthy tissue. One method uses a 
high-speed scanning pulsed laser to rapidly acquire sequences of images of the 
blood vessels underlying the retina, and to identify indiv.dual feeder vessels, 
which can then be accurately targeted for micro-laser coagulation. While this 
procedure offers the potential for higher precision laser targeting (thus minimizing 
the amount of unnecessary damage to surrounding healthy tissue), the required 
equipment is relatively expensive. 

Indocyanine green dye has been used to pinpoint abnormal 
neovascularization beneath the macula. The dye targets and sensitizes the 
abnormal vessels to help focus laser energy used in some types of eye surgery. 
However, the intensity of the laser light employed in the process can still cause 
damage to non-target normal tissue. 

PDT techniques show significant potential in treating these eye diseases. 
In PDT, a light activated compound is administered to the patient and tends to 
concentrate in the areas of neovascularization. This absorbed compound is then 
activated by directing a low-power laser light into the patient's eye and onto the 
neovascularization areas. When activated, the compound undergoes a chemical 
change, producing free radicals and/or other products that destroy the abnormal 
tissue. Miravant of Santa Barbara. CA is testing a PDT drug called PURLYTIN™ 



PCTAUS00/33052 



I MISSING AT TIME OF THE PUBLICATION 



V O 01/4] 




PCT/LS00/3h>:2 



portion ,ha, blocks a waveband of Ugh. emilted by .he hgh source, - » 
portion ,h.. transmits .be waveband of light emi.ted by ,he Ugh. source. The filter 
Xoscd between ,be Ugh, source and ,he focustng lens. The s,ze and shape o 
I 1 illummafed by .he l,gh. .ha, ,s f.hered and directed on a disease 
si ,e corresponds ,o ,he size and shape of .he second por.,on of .he filter. The si 
Id shape of .his area of Ugh. can be se,=c,ve,y varied by selecting a f„,=r w,,h 
an appropriately sized and shaped second portion. 

n one embodiment, either or bo.h ,he f,s. and second portrons change 
from a f,rs, s,a.e in which .he portion ,ansm,s .he waveband of ,,gh,.o a second 
s ,a,e in which .he waveband of Ugh. from ,he Ugh. source ,s blocked. This change 
TZl responsive .o an electrical stimulus. A liquid crystal materia, or a 
piezodec.nc ceramic ma.eria, is preferably used .o fabricate f, I.e. 

The location w„h,n .he eye of .he focal point of l,gh. em,..ed by .he hgh, 
. ..,„.,..,., „,„„A hv chanting the position of either the light source or 
.he fusing leTta an embodiment that .ncludes a plurality of foeus.ng tenses of 
d-^en, foca, lengths, the disposition of the foca, point within the eye ,s varied 
bv selecting an appropriate one of the plurality of focusing lenses. 
" I an embodiment in wh.ch the focusing lens is fabricated from a 
deformable materia,, the foca, poin. is selectively adpsted by means that drfo™ 
, the focusing lens, disposed adjacent to a periphery of .he focusing ens. Means 
such as a mechanical acluator. a hydrauhc ac.na.or, or an Cecnea, ac.ua.or are 
employed. The ioca.ion within the eye of the focal point is thus vaned 

' Yet another embodiment includes a filter that .ransm,, specf c 
wavebands of hgh, genera,,, corresponding to the ac.ivaUon ™^-n^ 
5 PDT dntg ,ha, has been adminis.ered. Such a filler « selecnve ly moveable 
l.ween I firs, position in which ,. ,s outs.de an optica, path of .he hgh, source, 
and a second position in which is in the optical path 

A further embodimen. includes a plurali.y of light sources. A f,r I light 
so „rce emits a wavelength of „gh, tha, does no, activate the PDT dmg t at ha S 
0 been administered, and a second light souice emits a wavdeng h . h £. 
Preferably the first and second light sources are disposed such that a firs, fo a, 
, of the firs, Ugh, source subslanually overtaps , second foca pom, o he 
Lond Ugh, source. Thus, the position of the f,rst foca, pom, can b , rge d 

a . tm ,n, eite in the eve without activating the PDT drug, and me 
the diseased treatment sue in uil 
* e ond Ugh, source can then be energized to acva.e 1 he PDT drug a, Ihe diseased 
, ■, without nctivat.ne any PDT dn.g located ,n other s.tes of the e>c. 
treatment site, without aui\aunL 
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substantially deeper into tissue. 

Brief Description of the Drawing F.gures 

..n.rts and many of the attendant advantages of this 

conjunction*,* the accornpanyin^^^^^ 

FIGURE 1 is a schematic view ot an e>e, mu 
eye tha, re,a,e to the present invent^ ^ ^ ^ ^ ^ ^ 

prcS e nt r n :orj;;::;.:a; li v CT no„-c„ h e rc „u, gh uoa, rcMm » tsit e inth e 

FIGURE 3 illustrates how a foca, point of the light del.vered by the first 
position onh^devie. ^ ^ ^ ^ rf 

trM,m HGURe'^ schematic view of a third etnbodinten, of the present 

!5 -oc,a,ed w^ac h lens, ^ ^ ^ ^ rf 

.nventionTalTorporates a piurah.y of m lenses, an, the afferent foca, po,,s 

associated with each lens; emD0 d„nen, of the present 

pinilDP 7 is a schematic \iev\ ui 

„ „es a complex lens and a filler which changes the Size and 

,0 invention tha, incorporates a c m pl» a treatnren, site 

shape or the focal point being used to dcli\er non 

" e p, GU RES 7A and 7B illustrale filters ,ha, each result ,n a different size 
and shape foca, point for use ,n crunchen w,,h the f,r,h embodiment of 
35 the present invention as illustrated in FIGURE 7; 
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n ■ u m ^\r view of a sixth embodiment of the present 

FIGURE 8 is a schematic \ieu 01 a sixm 

„«.««. - .wo complex lenses and a which changes ^ 

size and shape of ,„e foea, po.nt ,n response ,o an elcctnca, stimulus, bemg used 
,0 deliver non-coherent light lo a treatment s,te ,n ihc eye; 

FIGURE 9 is a schematic view of a seventh embodtmen, of the present 
invention that incorporates a deformable lens, which changes the stze and shape of 
th e foca, potn, iit response ,0 a deforming force, be,ng used to dehver non- 
coherent light to a treatment site in the eye; 

FIGURE 9A ,s an enlarged cross-secttona, vtew of the foca, pom, 
delivered by the seventh embodiment of the present invention when the 
deformable lens is not effected by a deforming force; 

FIGURE .0 is a schematic view of the seventh embodiment of the present 
invention in which a force has been apphed ,0 the deformable lens resulting m a 
. . ,u- ^i nnim heme used to dehver non-coherent 

change in the size ana simpc ui u.v • r~ 

light to a treatment site in the eye; 

FIGURE 10A is an enlarged cross-sectional view of .he focal potn. 
delivered by the seventh embodiment of the present invention when the 
deformable lens is effected by a deforming force; 

FIGURE 1 1 A is a schematic v,ew of an etghth embodiment of the present 
invention tha, incorporates a plurality of light sources being used to deliver non^ 
coherent light, whose wavelength wil, no. activate a photoacttve agent, to 

treatment site in the eye; 

FIGURE I IB is a schematic view of the eighth embodiment of the present 
invention being used to deliver non-coherent hght, whose wavelength wil, acttvate 
; a photoactive agent, to a treatment site in the eye; 

FIGURE UC is a schematic view of a ninth embodiment of the present 
invention that incorporates a p,ura„ty of filters, which can be used to modify the 
wave,e„g,h of Itght emitted by the light source, bemg used to dehver non-coheren, 
light to a treatment site in the eye; 
0 FIGURE 1 2 is a schematic view of a headset that incorporates one of the 

embodiments of the present invention; ^ T , n , • 

FIGURE 13 is a schematic view of the headset of FIGURE 12 bemg used 
to deliver non-coherent light to a treatment sue m the eye; 

FIGURE H is a schematic view of another ty P e of headset that 
55 incorporates one of the embodiments of the present invention; 
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i mnt : r view of vet another type of headset that 
FIGURE 15 is a schematic view oi >c 

„ ght „™ Ln, si, ,n «K e y e „s,„ E a *ec, approach U,» n. *c 

„ ghl „ '^Len, si.e in .ne e y e osin g ,ndi re c t approaches ^ n»uH ,n u* „gh. 
entering the eye transcutaneously. 

Description of the Preferred fc.mbod.ment 

,„ FIGURE 1, an eye 10 is i**^.*^.*^^ 

i j t chnw a ii of the anatomical structures oi an cy*, uu 

tended to show all of h ^ ^ ^ ]nvenUon _ 

,»„ - ... ..... * » , h „ ,„„, ,„ 

• —^-tss^-^-— -*"?*: 

5 (deve.oped by QLT Pncchcrapeu ncs Inc. a d OT > ^ ^ 

source has the potential of reducing the 

• , f i to non-target tissue m the macula that ma\ occur 

and reducing the risk of damage to non iar t u 

f > no p DT device 20 also includes a convergent lens 26, 
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r other types of non-coherent light sources may be used, 

such as incandescent bulbs. The non waveband „f ,he PDT 

wa veband con.VH.ding ,o the absorption " »™ ^ of iB 

d rug be.ng used. The PDT d ro g that « - ^ * ^ ^ 

characterise of being concentrated ,n .be .taonn 

rcgl0 „ in eye ,0. Referring once aga.n to F CURE g 

passmg through .ens ,4 and convey o > Po ^ ^ _ 

orientation or focus of PDT device 20 & latcral 

a new position 19a. inus, oy i HroPt discrete locations 

focus of PDT device 20, a prater ^ , ^ be no ted 

" ith,nmacuia ;:;:r: * . -drL a „ d „ - P0 »er, 

thai because light source of damage to 

compared „ coherent laser sources, there „ « O fc 
no,,arget tissue. No, only is „ gh so 2 0^ p ^ ^ ^ 

° f -» Si " gtiS ;;trd:;cr:o::"e,e:ed f or, l sLrac,er,s,ie„fse,ect 1V el y 
3 association with PDT device ^ Alternatively, 
concentrating within «n. ^ Led ,ha, preferably ,,n k ,o 

it is contemplated that targeted PDT drugs may P js 
spectfic types of ce.ls or eel, components so a^ , e h ^ 

15 :::r;r;:: rrs, — - - — - - - ,hai are 

normal should not occur. a PDT device 40 is shown 

figure 4 : PD t ^ 

""^T-V™ ^ « - convergent lens ,ba, ,as used ,n the 

30 incorporates a TTR „ re viouslv light source 22 is 

f,rs, embodiment discussed above. As no ed P . be 

preferably an LED, although other types ° f "°"^^ 40 M dcscribc d 
„ sc , ^^^-^^ ca „ bc sral „ ar ,y 

— .nirgci poLo„ or « ^ * »^ ,„e * 



manipuh 
light source 22 is directed. 
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FIGURE 5 illus,ra,cs a PDT device 50 in which 0* focal poin, can be 
v ■„„, he PDT device. PDT device 50 incorporates a 
adjusted without repos ,on,ng ■ PDT d . d.fferen, foca, 

plurality of TIR lenses 52a, 52b. and 5.C each P ^ 

.ncorporated ,n PDT dev.ee 5 ^ ^ on|y ^ More 

,ha, can be incorporated mo PDT evicc ^ 

,en S =s arranged in a ^' me " S '° ^ wiIhout r e P os,,ion,ng PDT 

greater flexibility in selecting a part, cu oca p ^ ^ 

^ ■ PDT device 50 ncorporates a light source zz. <u 

Tn one embodiment ot fui o ev1 ^ JU| „ TTR 

Iveable, and can be seiectrve, £*-J , - - ^»-^™ 
lens^aishasafo^^^ 

" ,UStra b f '"„™DT dev^e 52a incorporates a plural,,, of light sources 22a, 
' ^^-»™^ a " iBC ' ~rs24a,4b 

-~ - -rr :;r : -rt — c 

"""S' 22^22: ' ISO:!: -h - oesired -a. P-t. As 
T rCC d ,„ nGURE 6 „ght source 22b has been energized, resulting in foca, 
5 illusrrated ,n FIGURE 6 g ^ ^ ^ sm|lar ^ 

poin, 54b being achieved. While no she, ^ ^ ^ 

can be corded using a « JfR en, ^ ^ ^ _ ^ 

>0 P ° mL ,„ F.CURF 7 a PDT device 60 incorpora.es a ligh, source 22d. a f.Uer 63, 
which „c, ude an o P a,ue rcg.on 62 and a ,ra„spa,c„l region 64, and a diverging 
6 L .h. rays fro,,, ligh, source 22d are blocked by opaque region 62. 
lens 66. L,gh, ray s f g ^ ^ ^ ^ , hc eye . 

cas,in £ a correspondingly shaped lra „, mitK d through .ransparent 

35 LlE h, no, b,oc t ed by ihe <^^^ ■ ,„ , he an wi „ readily 

recion64 and into the eye. 1 no^ 
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r u as relitive to transparent region 64 can be 
understand .h.. the - ->« M - I - P ^ discusscd 

varied by selecting an appropnate focus o d macu)a , g 

— ■ ° f fOCa D T: e ce 60 It - S o-ce 2M i, prefer* an 

device 70 a,so tncludes an electrical s- o , < « n> 8a A 
choice of divergent lens 72 and d.vergen, K» 78 can P 

p oi „,S2, which is useful in treating «~. m ^ ^ > ^ ^ 

preferably fabricated from a matenal that change ,u 
20 transparency with an app.ied heat or in response o an =, « ' ^ 

create a mask ™ ™ ^ L Tbe mask can be made so , ha, the desired 
through a portion of the filter element. js 
shape of i,gh, or of the shadow at the <™^»£^ ^ mask can als0 
25 energized to block some of the ^^^^^ so as to aiter 
,„c,„de a piuraUty of pixels or reg ons tha aree c ^ ^ 

the patten, of light transm.ss.on throug - a ^ ^ ^ 

,„ , his manner, the shape ^^^'^ , hc foca, pom, of the 
desired ,n order ,0 create d ffe «n h^ P ^ ^ ^ 

30 PDT device. Ceram.c ma.er.als (ref *x ^t 5 

transparent to light until an dectric al stimulation can be 

are rendered pan.ahy or comply ^J^ ^ ,„„ , s appM l0 
app,ied through a transparent, ,nd m »* c ^ ^ ^ 

35 the surface of the PZT material ,n a predctmeo 
employed for the LCD mask pattern 
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FIGURES 9. 9A. .0. and ,0A dlttstrate a PDT dev.ee 8, , whtcl « 
,he shape of ,h= foca, pent using a different property. *«-» 
orpols a 1* source 22a and a convergent ,e„s 83. Convey ,ens 8 3 « 



en 83 is selectively dcformahlc. to change the pattern of hght passmg 
H h en wh focu" ed on a treatment site or ,o alter the foca, point. As 
I ^ it o-d - ,i E h, traveltng through the ,e„s Is red.rected ,0 form an 
I le ol, pattern a, ,he focus of the iens. Pressure -g^Z* — 

the lens bv activating piezoelectric cryMnia, ^ j 

•„„,., L „se of electrically actuated (motor driven) screws, clamps, 
cyurmcs. or -, -_ ' g3 js undi s,orted and a focal point 84 

or ,ever devtces. it s l ould also oe noted that the posttion of focal 

;rr c j it :::;,a,ed by m ov,„ 6 P o T iM ^ mo: 

points »4 ana Tpfle ctors 24 as illustrated in the previously 

reflective elements similar to reflectors ^, 
discussed Figures, can be included in PDT device 81. 
, FIGURES 11 A, UB, and 11C illustrate PDT devices that allow a 

practiti™ ™ a non-activating wavelength of hght to verify the position o 

::r P oint ^ * ^ - ^ * ^ — ::: 

wavelength of hght to the focal point. PDT drugs are known that are activated 
wavelength ot g wave length corresponding to the absorption 

5 ^roft^ivc^dn.s. Blue light sensitive PDT drugs 
have relatively large absorption peaks, which enable far less drug to be 

J -a, .ff>rts such as elevated dermal photosensitivity. Anotner 

advantage of using PDT d g ^ lhc 

r;:re::v,™Ie:rph y s,o,og i ca,s,r,,c,,,res.s,„ce,hclongcr,ave,cn f ,h,, E h, 

ooo d PHT rtruo activating light source lib, 
35 non-PDT drug activating hght source 22a, a PDT drug act. g ^ 

and a PDT drug activating light source 22c havmg a different wavelength 




PCTAJSOO/33052 



,,,, PDT device 90 also includes a TIR lens 52. and optionally 
8 r necJ° should be need that convergent ienses as dtscussed 
rs P :r o - ; ' m l, m en lS t - also * used mstead of TIR lens 52 as 
h li^ FIGURE 1 1 A light source 22a is energized and the pracuuoner can 

shown. In FIGURE 1 1 A g ^ ^ ^ t0 

observe the condnton of the eye a P ^ ^ ^ 

render PDT, and to select a foe. * • P ^ * - ^ ^ ^ 
„ gh , sources are Because g . ^ ^ ^ ^ 

does no, acvate the PDT drug <h ^ ^ ^ ^.^ of 

practit.oner ,s able to post to PDT rea r, ^ ^ ^ ^ ^ 

feca, P o,n, 9,a soufCe 22a is „o„-cohere„t, and does no, 

act.vate the PDT drug, connnu FIGURE 1 IB, light 

PDT is ongoing has no ^e™ e^n the ^ 22b and 22c tave been 
source 22a has oeen _ " over , llK 3bsoip , ion or actuation 

5 Mc T„d ; f ; h :;^"dt i-L ,„ p,-, ac^,.,, 

waveband of the fui E initiates the treatment 

° - f Cs a ;: S p=^,; - - «- - - 

FIGURE 1 1C illustrates aPDl device . Q1 ■ 

PDT date activating wavelength of hgh. to insure that focal pent 91a .s 
use a non-PDT drug activating b d (hc „ 10 sel ectively transmit 

25 ,oca.ed correspondmg to the target » ^ _ 

wavelengths of light whtch activate the PDT ^ drug. PDT drug, as 

tight source 22d. which enttts » ™™*» d * " a , so ,„ cludra TIR 

~» » " ^-^"^^"tra eTec o 24 L noted above, other types of 
,e„s 52, and optionally mch.de. ' pDT device 92 also 

30 lenses may be J^,,, lhe .ave.eugth of hgh, emitted 

by light source 22d. such that „ i wav eband that 

converging a, foca, poin,9,a has been fd^t to xc. ^ 
acl ,va,es the PDT ^ A. = » ™^ int 9 la Js no, include 
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ithout 



„, devtce <P can be focused a. .he desired target of interest 
"™ XnV:M !° ,„ f]ltet 04 is moved out of the optical path between 

- ra, " E *"B >,ht conver E i„ E a, focai 

rolhirta" ;;,i::db yl i Eh ,source M d,oeh m ,na,e„ E h„n 
ln e red and «*» pDT ^ described , n , h e above embodiments 

patient, or ™ fflffcreM embodimems of a 

optometries. FIGURES 12 13, 1 , ]tawK how the PDT 

slit lamp. pnT headset 100 PDT headset 100 appears 

PTrmRF P illustrates a PDT headset iuu. 

' much ,Ta — na, pah -J^r^S^ 

eyes. A frame 102 is preieia y nre <;criDtion eyeglasses, or 

0 can be fabricated enure , tfptaoc. A ^ _ rf an Qpique 

resistant plastic matenal. Whtle lens 1U4 ^ 
m-ialfor lens ,04 enables the 

on the eyes ^J'^^ ^ ^ ■<*> « "°< " " 

eves. It should be noted that PDT ^ 

- rr;;" » - — - - - - 

transparent* not opauu. ^ ^ ]()6> m& 1Q6b , 

Contro, eab,e 08 a * 10 ^ ^ ^ ^ , o 

respectively, to a control uml 1U. 1Q6b 

FIGURE. ,3 a s,d , ^ ^ ^ of £ye ,„ u , s 

been selecttvcly energized, and ,s „ be „ e r, ciil n y include the elements 



20 
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nenntt such function..*, are prefer^ * hd , f ^ 
PDT headset ,00. and ~ *« " ^ 

headsets. 100. 1 1 -, so thal , he headsl . ls are 

not prone to brea k a E e, and ha « . ape »d ^ ^ ^ 

fo, the operatton of TOT dev. ^ ^ ^ ^ ^ ^ bc 

um ,,10 to reouce " . pDT dev , ces , 06a and 106b. I. 

incorporated into control un,< 1 10 rather 

; , ;::;:r;;t:r.r,i",.» » — — ■ - 

•, mrreSDondmg to any of the embodiments of the PD1 
^™ - e headsets). ,n g eneral. a slf ^ „. - 

M r:.. un . t ,.t^ r 

stationary so that prec.se targeting o! li e m nr „ e tcd at 

u ' u P! \ m FIGURE 16, PDT treatment unulM) is tar t etea 
may he achieved. In tlULi , dcscr ibcd above 

lht . pll0 , o rcncUv= aeon, can be dtrccted a, the treatment s„e or ,.,r,c. g 
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mnnl ^ther directly through the lens and 

cornea of the eye or mdirecth , aion L i dir£Cl appr0 ach. In 

or cornea. F.OURE.7 ^-^ ^ " ' re :, edallh e, re . m c nlreg ,o„ 
FIGURE 17. l.cM of .he appropna.c v,aveband ■ h 

, ens ,4 ,„ ,he eye and proceed - ^ ^ fo /, argeung lhe m acu,a (or 
FIGURE ,8 iHu**= ral md r c p ^ ^ ^ ^ 

approach ,42. a super.or orbua, a ^ ^ cyc 

approac h ,46. Ugh. follows each of h m such a „ 

, rarK cutaneously, passing through an „ a more dlff use manner 

^^..h.^.^^^r^^ 1S envisioned .ha, ligh. 
tha „ when adm.n.stered along .he d '™' P ^„ a fmm a Uehl SOUICC included 
adm.nis.ered along an md.rec, pa.n oe ^ ^ AUhough thc 

> in a PDT device on a head,, gen ^ , ^ ^ ^ pal , ent , ^„ 

headsets desenbed above are fP* y devices attach ed to headse.s 

-on g .di«P^.««'^^^^ telaere d along tbe inferior, 
can readily be configured to pro\.de g For instance, a headset 

,he pa.ienbs forehead above each eye^ ^ ^ ^ ^ or ear 

-smsssse?- ... ™ ..... ~ » 

patient's cheeks. p re feri«L&2^^ 

TheJnc^I^ can be beneficially 

It should be noted that a pluraun ^ . s 



t shouiu ub mu.c" a 

, • i fnn.s the light emitted from a 
employed to selectively focus^ the ^ ^ ^ ^ 



.ally 



"-'"(•■•- -j . uch 'is convenient it.iee.'. 

anticipated that lens configurations ^ ^ ^ combination can bc 

reflective lenses, divergent lenses, and a pi . ^ ^ m the 

employed in conjunction with the present invent o . - ^ , n the 

art will readily understand how these types of 
above described embodiments. 
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20 



25 



ISISeiecLP^EheraEy - h has absor bed the 

The effects of the hght therapy ° . * »« iissm w severe iissue 

photoreacttve agent may range ^ „ , h£ noralal , ssoe , and .he 

dam age, depend^ on the amount ^ ' ^ ^ method t0 

amount of the photoreacttve agent * bs °< htiby js , c de a highly 

reduce the n* of mctdenta, damage ,0 n n a g* - « ^ 
focos ed pattern of l.ght tha, trradtates « 

neovascularV Vartous of .he em od m d ^ ^ ^ ^ 

°" C TTdCheTi. ll^her than by norma, ttssue.ts to bind 
preferentially absorbed by the targe, t^ ^ ^ ^ ^ ^ ^ 

amtbodtes to a P™-"""* te „ 0 phoIor eac,ive agent conjugated with an 

ab „„™»l C «ll»..--»™ ^ amibodies wi „ Md to bind ,he 
antibody is admtntstered ,0 a patten ^ 

photoreactive ha rm to the no^al tissue. 

impro ™g * hC SPCC ' , I, readily recogmze that an antibody specific to 

Those of ordtnary sktll tn the art w.llr y d wjlh a elected 

abnormal target ttssue a bZL of the photoreactlve 

several preferred forms of modiflC at 10 ns can be 

— srr==;c= 

follow. 
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following: 

(b ) at least on Kv . „; ri ne ht source, when energized, 

t -js: r:;i:: — a-:::i — — - • 

producing hght with ^ and 

phMorMC „™ a.*-* =ing ^ pied w convey „ ghl d 

living .hepho^^ve^mto 

, T , e d e.ce « C„ m 1, ~— — 

light source onto the iocuhm B 
and the eye. 

, • „f Claim 1 wherein said at least or,e light source is one 
3 ' ■ ' II lBD an incanoescen, hulh, a „a,o g en Wb. a chehtica, 

excited gas, and a cold cathode fluorescent tube. 

, • nf Claim3 wherein said at least one light source 
4. The device of Claim 3 wn waveb and that 

comprises an LED, and the Hght em.tted by said LED 
includes at least one of a red Hght and a blue Ugh, 

5 The device of Claim 1, wherein the light source comprises a laser 
diode array that generates non-coherent light. 

f rw, m 1 wherein said at least one focusing lens 
includes one of a dnergent lens, 
reflective lens. 

■ •-> handset that includes a 

supporting frame for mounting said at least 
at ,east one focusing lens adjacent to a patients eye. 
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, • of Claim 1 wherein said at leasi one focusing lens 
8- The device of Claim 1 Qf thc 

collates light from sa,d at least one light source 
eye. 

„ ■ f Claim 1 wherein sard at least one focusing lens is 
9 . The device of Claim 1 ^ ^ ^ that 1S 

adapted to focus light from sa,d at least 
smaller in size than a macular region of the eye. 

„ of Claim 1 further comprising a filter, said filter 

10 - ThC deV,C£ T he h>ht in the waveband corresponding to 

ssssksssk 

„„,„-r<» nnd the eve. 

' ",, The de.ee of Claim >0. w^n a ^ of «^<j£ 

focused h, said - - - ^ZZZ Tt Z II of too - 

portion of said filter, and ^ ,s 
Lespondstoashapeofad.seasedreg.on.n.heeye. 

^ H V, „f Claim 1 1 wherem at teas, one of sa,d firs, pomon of 
12 . The dev.ee of Cla.m ^ ^ fom „ firs , stale 

„ • f Claim 12 wherein the change in state is in response 
13 The device of Claim iz, 
„ one of an electrical stimulus and a. hermal sumulus. 

„f Claim 13 where.n sa.d firs, pomon of the M.er 

. 14 T : i * a p^.* 

comprises one of a liquid cnsia 

, ■ f Claim 1 wherem a d,s P osit,on withm the eye of a 
15. The device of Claim 1 ^ ^ ^ ^ M 

foca , P „in, of ,he l, E h, -^^^::^:; s 4,n of a, « one of said a, 

least one focusing lens is %anean> fc 

k as. one „ E h. source and said a, ,eas, one locust lens. 



PCT/US00/33052 



c ^ - m i wherein said at least one focusing lens 
^ ° f " S «L foe. lengths, and where.n . 

ccmpr.scs a plurality of « ^ cm ,„ ed by Mld a , w one Ugh. 

^r.^^»~-^' wpiura,uyorfon,,ing 

,7. - dev.ee of C,» , ~* ^^ZZZ!Z 

=ri 1 t=^^— ------ 

focusing lens lo varythefocalpo.nl. 

„ The device of Ca.m 17. where,, sa.d means eompr.ses one of a 

. „. ._ , ,.,„.,„ rnmDrisine a filter that blocks the 

Lee and ,he eye, and a second postlion in the opuca, path. 

, ■ „f Claim 1 wherein said al least one light source 
20 . The dev.ee of Clatm 1, w ^ 
comprises a first light source that does no nv « £ . sccond 

™n trrs: — : ^ ju. - - . 

light source that does, sa.d first a ^ fcy ^ a , 

firs, foca, point of the Ugh. emm d by ; of ^ , lght emilttd 

ieas, one focus.ng lens substantia ly ^^^L one focusing lens, such that 
by sa,d second light source and Reused by a d s ^ ^ 

when said first l.ght source is energized ^ , desired lreatm en, 

— r of u * second m — 

„„„„„, ac.iva.ing any pho.orcac.ive agen, a, other sues 

, • „, claim 1 wherein sa.d a. leas, one l.ght source 

L is able .o pene.ra.e substan.ially deeper ,n,o the t.ssue. 
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m The device of Claim 1 . further comprising an ophthalmologic slit 
lens are disposed. 

23 The device of Claim I , -here, said at leas, one focusing lens is 
adapted o be positioned ,n front of a lens of a patient, eye to focus .he 
eled by sa,d a, leas, one „gh, source through the ,e„s of the pat.en, s eye. 

24 The device of Claim 1 , wherein said at leas, one focusing lens is 

orbital path, and a superior orbital path. 

25 The device of Claim 1 , wherein the disease of the eye treated by 

r , or ,Wf»Tieration and a diabetic retinopathy. 

the light includes one ui a m^.^ 

26 The dev.ee of Claim I, wherein said a, least one focusing lens 
comprises a lens whose focal poin, can be selectively varied. 

27 A method for using non-coherent light based pho.odynatn.c 
therapy to treat a disease condition of the eye, the method comprising the steps of 

(a) providing a photodynatntc therapy device that tnclndes at 
,eas, one non-coherent light source that emits „gh, in a wavelength tha, activates a 
photoreactive agenf, ^^^^^ lhe p „, ive aEe „, to a pahent; 

(c, energizing the light source such that non-coherent light ,s 
emitted thereby, and ^ ^ ^ ^ 

an eye to be treated, such that light emitted by said a. leas, one non-coherent tgh 

activating the photorcactive agent, causing 
diseased treatment site within the eye. 

u i f ri-.im ^7 wherein the disease condition relates to a 
ok The method of Claim -I, wtierem 
choroidal neovasculaturc associated with agc-rclated macuLit generation 

(AMD). 
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29 The method of Claim 27, wherein the photoreactive agent is 
preferentially absorbed by diseased t.ssue in the eye, and the step of positioning 
the photodynamic therapy device composes the step of placing the photodynam,c 
therapy device such that non-coherent light emitted by said at least one non- 
coherent light source is directed into the eye transcutaneously by one of a lateral 
orbital approach, an inferior orbital approach, and a superior orbital approach. 

30. The method of Claim 29, wherein the light emitted by said at least 
one non-coherent source is directed toward the macular region of the eye. 

31 The method of Claim 29, wherein a wavelength of the light used to 
activate the photoreactive agent is sufficiently long to penetrate tissue to a 
substantial depth. 

32. The method of Claim 31, wherein the light is at least one of red, 
blue, and a mixture of red and blue. 

33 The method of Claim 27, wherein the photodynamic therapy 
device further includes a headset, and wherein the step of positioning the 
photodynamic therapy device comprises the step of placing the headset on a 
patient's head. 

34 The method of Claim 27, wherein said at least one non-coherent 
Hght source comprises one of a light emitting diode (LED), an incandescent bulb, 
a halogen bulb, a chemical luminescence, a vacuum fluorescence, a radio 
frequency excited gas, a microwave excited gas, a laser diode array and a cold 
cathode fluorescent tube. 

35. The method of Claim 27, wherein the photodynamic therapy 
device further comprises a reflector. 

36 The method of Claim 27, wherein said at least one light source 
comprises a first lieht source that emits a first waveband of light that will activate 
the photoreactive agent, and a second light source that emits a second, diifcrent 
waveband of licht that will activate the photoreactive agent, and the step of 
energizing the photodynamic therapy device comprises energizing at least one of 
the first light source and the second light source. 
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37. The method of Claim 36, wherein the first light source emits blue 
light and the second light source emits red light. 

38 The method of Claim 27, wherein the photodynamic therapy 
device further comprises means for focusing the light emitted by sa,d at least one 

co rent light source at a discrete foca, point, the step of positioning the 
^dynamic therapy device comprising the step of directing the discrete focal 
point onto the diseased treatment site within the eye. 

39 The method of Claim 38, wherein said at least one light source 
emits a first wavelength of light that does not activate the photoreactive agent, the 
step of directing the discrete focal point comprising the steps of: 

5 P < a) energizing said at least one non-coherent light source so 

that only said first wavelength of light is directed into the eye; and 

tna y .u« a;^ p fnral noint of the light emitted at 

(b) positioning — i . • i, 

said fin. «vd»Wh on.o .he d.seased «-uncm .i« .0 facli.a.e a.m.ng the 
second light source. 

40. The method of Claim 27, wherein the photodynamic therapy 
device is included in a slit lamp housing. 

41 The method of Claim 27, wherein the photodynamic therapy 
device further comprises means for focusing the light emitted by said at least one 
non-coherent light source at a discrete focal point, the step of positioning the 

h . dynamic Lapy device comprising the step of overlapping successive 
positions of the discrete focal point on the diseased treatment site within the eye. 

42 The method of Claim 41, wherein the photodynamic therapy 
device further comprises a plurality of focusing lens having different focal 

zi and the z « po,^ of ^ ^ 

points onto the diseased treatment site within the eye comprises the steps of: 

selecting a focusing lens having a discrete focal point lying 



(a) 



within the diseased treatment site; and 

( b) us.ng onlv the focusing lens that was selected to direct the 
Hght emitted by said at leJt one non-coherent light source into the eye. 
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43 The method of Claim 42, wherein: 

(al the photodynamic therapy dev.ee further composes: 
' (1) a focusing lens made of a deformable material, such 
that deforming the focusing lens changes its focal point; and 
(ii) means to deform said lens; and 
(b) the step of overlapping comprises the step of deforming the 
,ens to focus the light onto the diseased treatment site. 

L ™,h fil.er having a differently sized und,o, shaped second pon.on. and 

(b) ,he s.ep of overlapp.ng .he d.scre.e .oca, po..,. - ■■- 

,o which -he light is applied .0 .ha, of ,he diseased trea.men, s«e. 
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A MENDED CLAIMS 

^^^=»^^ 

Th e ,„ven,,on in which an exclusive ngh, ,s corned ,s defined by the 
following: 

, A light Oierapy device for creating a disease of the eve, comprising: 
, a) a power source that provides electrical energy; 
(b) means for em.mng therapeutic l.ght to pho,odynarruca,.y treat 
,. . ' eve sald m eans including at leas, one non-cohe re n, hgh. source 

. conrr,. to the treatment site in the eye, said l.ght 

by the non-coneicm m 6 .^ - 

activating the pho.oreactive agent to treat the d.sease. 

2 The device of Claim 1. further comprising a mirror positioned 

light source onto the focusing iens, 
and the eye. 

, The device of Clamr 1, when*, satd at leas, one l.ght source is one 
■ de (LED) an incandescent bulb, a halogen bulb, a chemical 

^^^^^^^'^ 

exaied gas, and a cold cathode fluorescent tube. 

4 The dev,cc of Claim 3, where* sa.d a, leas, one light source 

k,, 1FD is in a waveband that 
comprises an LED, and the light emitted by sa ld LED 
includes at least one of a red light and a blue light. 

5 . The device of Claim 1, wherein the light source comprises a laser 
diode array that generates non-coherent light. 

J • f ri™, 1 wherein sa>d at least one focusing lens 
f- The device 01 Claim 1, wnui^ 

, t ,;j . d,ergc„.,e„s, a convergent ,ens, and a total, — 

reflective lens. 

7 The dev.ee of C.a.nt . . further comprising a headse, tha, includes a 
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